
! A major purpose of the Techni-
; cal Information Center is to provide

the broadest dissemination possi-
ble of information contained in
DOE’s Research and Development
Reports to business, industry, the
academic community, and federal,
state and local

Although a
report is not

governments.
small portion of this
reproducible, it is

being made available to expedite
the availability of information on the.
research discussed herein.



-.- .-,.-
\

i

iA-UR -89-2059 LA-uR--89-2O59

D~89 014308

TITLE Nuclear Relaxation Rates At Copp(>r and Oxygen Sitt, s in Yl\i12(Tu,fJ

37

AuTHORfSI P. :. Hamm.Jl, M. Takigawa, R. H. Hcffner, Z. Fisk, K. C, OLL

SUBMITTSO TO Proceedings for FlaLclritils and Mechanisms c)t Supc~rcondur~ ivi[y,

July 24-28, 1989, !itallford, CA

DI.S(’LAIMER

llm rqkm warnprcpwruf tin m warm of work ~porrwrcdny in n~cncyof Ihc [ Immd StmrI
(iovcrnmcn~ Nctlhcr Ihc [Inld SIdc~ (iwvarnment nor any ●gency hereof, nor tiny d thmr
cmploy=h, mnkcn wrv wurrunly, caprc~ m mlplwd, ~w tssumes wry legal hi~hillly or rcqmrm.
hlllt y for Ihc ●ccurncy, cwmplclcncw, {w uncfulncu or any mformnuorr, qrpcrmlu~, prduci, or
fmxcw dmduwd, or rcprcncnls Ihnl IIS ugc would not mfrm~c prwnlcly owrruf rl~hln Rc[er.
cnuc hcrcm 10 tiny s~ifit commert MI prmfud, prmemc,or wvwc hy lratfe rmmc, Irndcmfirk,
nmnufwlurcr. {u oriltrwmc Ams not ncccmmdy conslilule or mIply Iln cmforwmcnl, rcrom.
memldmn, III fnvorma hy the ( Imtcd SIdcR (ilwcrnmcnl or any ngcncy Ihcreof f he wcwn
d ~~mona III nulhor~ csprcd hcrcm IIU IIUI nwcnaardy -IHIC or rcflcd Ihw d Ihc
( Mal SIMICn( iovcrnmcm ur uny qcrwy ihcrcof

~m~uamosbs.la..s,....8754g8754gLosAlamos National Laborator

About This Report
This official electronic version was created by scanning the best available paper or microfiche copy of the original report at a 300 dpi resolution.  Original color illustrations appear as black and white images.



For additional information or comments, contact: 



Library Without Walls Project 

Los Alamos National Laboratory Research Library

Los Alamos, NM 87544 

Phone: (505)667-4448 

E-mail: lwwp@lanl.gov



NuCLEAR RWTK34 RATES AT UPPER AND OXYGEN SITES IN Y&@J3@

P. C, Hammel, M. Tak@&we, R, H. Hatlrwr, Z. Fish and K. C, On

Los Alamos Nmbnal Laborafow, Los Alar’rws,NM 87545

We ro,wrl NMR measurernanls of fhe nucigar relaxation rata al all mpper Qnd oxygen siies In magnetically ahgned
Pwder S.BfI@OS of yba2CLr@7. Thare is no paak In the oxygen relaxalton rala below Tc al ●ny oxygen sile supporhng
IIW pxdbltlly Ihm d-wavo pairs ●e btm.d In ma Suprcmducling stale. Comparison of Iha oxyQen and mpper rales
In Ihe platW raveais a characteristic Iomparaturo groaler than Tc.

We have itwasurad m. relaxation rate al aU oxygan and

-r ties ~ aWW powders of VBa2Cu307, Ralaxmicrn

rnoiuuremenls provide mkmacopic Inforrnmbn ahul spin

dynamics al titaaa ahas; amparlson of data fmm ma CU02

pknas gives Intbhl Inlo fha ralatbnshb bStwWI ma doped

holes of prlmarlly O-Zp and rw~r d-orbhal oharaclar

Contrary 10 ●urliar roporfsl our moaauremants claarly

SJWWIM ~ of ally Inmeasa of relaxation jum babw

Tc al u of me bur oxygen SIICS.

An carllar publlcalion~ ~scrbas tho sample and shows

an NMR $pmrurn, Tc Is 93 K and Iho shielding Is cbse 10

100%. Tho 170 (63C~) ralaxallon moasuromanls were

mada In a 7.0 (7.4) Tasla fiaid which reducas Tc m 06 K

when Ihe flald dlrocllon la parallal 10 rho U’@al C.axlS

(W/c). Tho 170 H//c maasutarnams wora made on M

quadrupola $aIallllot fo onsura that dgnals horn a slnglo

she only wora daloclad. The lime ~ncbrw of ha re.

mvor’y of Iha o~on rnagnatlzmbn tolbvdna a shrglo 900

SMurallng pulao h well dascrbd by tho o~ti3 Rve

mmponont oxponcnllal remvory

Tho 0(2,3) (planar oxygan) rolaxallon mtai 17T11,

Wntraolt dramatically wllh tha CU(2) ram, 6311”1 (Fig.

1). Abova Tc 17? 1.1 b klnac~!;! Iornparalum whlla

@3T1”1 has a much wockor Iamparalure dapandanco and is

rouehly 20 flmac larger, The Korrlnga4 rolalbn

(TlyK2)”f = s?IkB#/~B2 (K lo Iha Knight $hlll) which

tiacrbas ralaxalbn of nuclei oouplad to mrWclbn abc.

Iron’s in Q metal doscrbas 171 I” 1 WOII; ho tomperaturn

dapandanoa Is Mnear and fhe magnhda of (llTK2)’1 IS

only 1.4 Ilrnas fhe @aal VSIM ahkB#/MB2. ‘fo utdersland

lha magnlludo of 6~Tl .lona k M b akamlno Iha mr’me

quences of ●nlilerromagnelic interactions between d.hole

$pins. The relaxation rale is proportional 10 kBTez”(q)Zq.

(where <Z”(q)>q k Iha zero frequency Iimil 01 the average

of the dynamicm susceplibihly, X“(q, wYw, over all q

~nnlng ma Farmi curface), Antiferromagnelic mler.

actions Increase I“d(q.w) (d refer8 10 ma c9PPer d.$pln)

●l ma anllforromagnelk wave voclor, OAF, and Ihus in-

creata 63 T1 .1, At a rasud (11 TK2)-1 for mpper will

b enhanced wllh raSpOCl10 Ihe value fik@yB2: Ihe
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Figure 1 We otww Iho WC relaxalbn ralos Tho oohd
HnaI Mcalo a Unaar Iowralura da~rufonce: the Insel
shows Ihe linear bahavbr of flw 0(2,3) rat. almve TC



dslag chow mis ●ntranumenl 10 be roughlly 11 al 100 K.
17T1 .1 K nol •flfl~ by the Iafg. Value Of %“d(~AF)

bmuso the Iranslerred hyparfina ooupling of the 0(2,3)

nuclear spin m me CU-M epln vanbhos ● OAF (Ihe hy

perfine Iields from ●ntlparalfel eplns on lhe neifJhbYmQ

~rs cn~l al be oxygon she).

The linear tmprmure dependence of 17T 1”1 shows

lftal <z”O. p(q)>q (0. p roferc b holes primarily residenl

in O-2p orbhais) u Mopendenl of temperature. The

Wmrslure dop9rUlence of R (Fig. 2) sbve 1.35 Tc shows

Ihol ~-d(q)>q & Incroulng wilh decroasino Iemperalure

From the -r Knighl shiH5 we kmw Ihal X(q=O) Is

tomperalure ~~n! abovo Tc showing Ihal il b he

@rpe q (nom OAF) mrnpononl of x“d(q.u) *@h k

Increuing. Through Iho Kramors. Kronio relslion, lhe

lom~ramro ~perrdonco of X“d(C)AF,W)/W Indicates Ihsl

WQAF), k inuoatig wllh docreulng temperaluro, FQ,

2 she- Ihal ~ keue of Z.d(OAF)with moling ma?;$

SI s ~ p~b”
1.35 Tc ro.p(q,~) erd Z“d(q,w) Wm. otrongly aupled

●nd Zd(OAF) ks lornporsluro ~pendenl. This wfd Imply

mol m. =upfing befweon lho doped holes md me d+oles

Wremsotves bmmu much slrongor at Ii)is Iornpslure

This M.mlbn would bar some slmllarlty to Ih. heavy

hrmbn Oysloma. Ttut R never deaeases wilh KOumg

Wqxtluro moans Iho on~rwmonf of -r rolaxalion

roblke 10Ihaf of oxygon -s noI ~ase won In IIW w

~mr’rducllng suIo. Thuc th. r@d deer.as. of -r ro.

lnxal:JI whHr ~ura h Iho !Ac4nilyof Tc b nol Iho rcwll

of lf’mbCB Of Ih. .@WXXWnl.

Tha @rrrpbto ~ of any poohIn fhe roisxalbn rmu

~medialefy bobw Tc is oignifioani. 8oon6 in s.wave w.

peroona aors, *18 posh will b9 aboonl in d-wavo wp9r.

m~ucflvify bcausa W ●xbbnoo of quu@rfklo siwco

bnrho gop r- tie ~ul.lbn of CMOSof Ihe gap *O

●nd lfw mhofonm Iaclor wfll m uro br Ihe clm@osf d.

wove slhles on. mhhl mrm~m br a quaro Formi wrface,

In W ohtino (Fig 1) blh 0(1) and 0(4) sfmw the

Mme lo~ramro d.pm~ as Cu(l ). From tills we @n

* fhsl Ihe cbpuf tm~o m ufon@y bum m me Cu(l )

Fmlea lo form a s&#@ band At in dw pbnos, nehhor Ihe

0(l) nor O(4) olf..~o~tiin Tl”l ~bw Tc ~am

~u~fling Ihe poosbUky of d-wnve pnlrlns
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Figure 2. Comparison of a~r md oxygen relaxa[lon m
Iho pianos reveals a characlenslic Ismporatule greater
Ihan Tc, 1.35 Tc, a[ which W #nllferromagnellc sp,n
Ilucluahons olop growing wllh decremlng lomperalure

TII. char ~nclusmn from Ihe ~mporlson of oxygen and

~PP.r relhx~l@l IS Ih@~

~~ Al 1.35 Tc spn degrees of heedom

wtrkh hwo some indopotinu al h@er lernp9ral~res be

-e ~. ~OAF) wa~o @Growwlfh docroulng

hrnpwaluro -M ~0 tompera!ure IrWopondenl The

mpkl docrcbse of -r robxchon In me vklnlly of TC IS

M due m be bos of enhancmenl from anliterromagnelc

opln ffucfuatbns, Flrmlly, Ihe deer ~b~nct of any in.

aouc in ‘ 71 I”’ hbw Tc wpporls the wsolbIiIfy of d

wave supr~nd~cllvo pairing
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